Study aim: The aim of this study was to evaluate the relationship between basic somatic features (body mass and height) and body mass loss in physically inactive young women and men exposed to thermal stress in a dry sauna.
Introduction
Sauna bathing, a well-known form of whole-body heating, is well-tolerated by most healthy individuals, both young and old between childhood and old age [10, 16, 18] . Repeated sauna bathing influences endogenous regulatory mechanisms, mainly acute and transient cardiovascular and hormonal changes, by maintaining a balance between fluid composition and the distribution of circulating blood [1] . Uncontrolled sauna bathing poses various health risks, such as severe dehydration, heat exhaustion, stroke or burns [9, 22, 31] .
In most dry sauna rooms, the temperature is maintained between 80 and 90°C, and sometimes even above 100°C [20, 31] . Temperatures between of 80 and 90°C at face level are considered optimal for most people [23] . The composition of the human body changes under such thermal conditions. Water is one of the basic components of the human body (48 ± 6% in women; 58 ± 8% water in men) [44] . The body of a typical man weighing 75 kg contains approximately 45 L of water (approximately 60% of his body mass) [37] . The water and electrolyte balance is critical for the function of all organs and for the maintenance of health in general [24, 36] . Total body water percentage normally remains relatively constant [36] . Every fluid compartment in the body contains electrolytes whose concentrations and composition are critical for fluid movement between intracellular and extracellular compartments and for the maintenance of membrane electrochemical potentials [37] . Dehydration can be induced in a sauna (passive dehydration) [40] . Sauna-induced dehydration leads to hyperthermia due to enhanced sweating [47] . The loss of bodily fluids corresponding to 1% body mass can reduce endurance by 4 to 6%, strength by 4 to 7% and coordination and concentration by 8% [30] . Sweat evaporation and blood circulation in the skin are the main cooling mechanisms in the body [9] . Uncontrolled sweating leads to the loss of body mass (0.5-1.0 kg) [22] . Sauna-induced body mass loss (BML) involves mainly the loss of body water, but electrolytes, in particular sodium and chloride, are also lost in various amounts depending on the sweat rate and sweat composition [41] . Severe sweat-induced dehydration can impair exercise performance and the performance of tasks requiring cognition and skill [25, 30] . Thus, the critical issue in sauna bathing is to minimize dehydration by matching fluid intake with sweat loss.
In the human body, dehydration leads to a decrease in body mass [33] . According to the literature, the loss of 1 kg of body mass corresponds to approximately 1 L of bodily fluids lost through sweating [26, 38] . Measurements of sauna-induced body mass loss can be used to calculate the volume of water that should be consumed to compensate for that loss. The physiological processes connected with thermal stress induced by heat exposure in a sauna have been studied and characterized by many authors, but the precise mechanisms behind these phenomena still remain insufficiently explained [10, 22] .
In view of the documented risks associated with excessive thermal stress in a sauna, BML control is a useful method of preventing dehydration, hyperthermia and the resulting health problems. Dehydration combined with hyperthermia has more severe consequences than dehydration or hyperthermia alone [3] . Significant differences in anthropometric measures and body composition are noted between healthy sedentary women and men [19] . It remains unknown whether BML can be reliably estimated in view of considerable sex-related and individual differences in body measurements and body composition.
Therefore, the aim of this study was to evaluate the relationship between basic somatic features (independent variables: body mass and body height) and body mass loss (dependent variable) in physically inactive young women and men exposed to thermal stress in a dry sauna.
Materials and methods

Ethical approval
The research was carried out with the prior consent of the Ethical Committee of the University of Warmia and Mazury in Olsztyn (UWM), Poland. The study was performed on student volunteers who signed an informed consent statement.
Participants
The research was conducted in 2015 on 685 first-year full-time students (333 women, 352 men), aged 19-20 years old, who were enrolled at UWM. Every volunteer visited a dry sauna during obligatory physical education (PE) classes at the university. The analysed subjects, both women and men, were residents of villages, towns and cities (population < 40,000) in the region of Warmia and Mazury in Poland. The participants attended only mandatory PE classes (90 minutes per week) and did not participate in any other physical activities. The students' physical activity levels were evaluated using the International Physical Activity Questionnaire (IPAQ). An analysis of physical activity levels based on the IPAQ revealed that none of the participants were sufficiently active and that their physical activity levels were below 600 MET. The examined women and men were characterized by low levels of physical activity, and they were classified as being insufficiently active. According to the IPAQ, people who are insufficiently active represent the lowest level of physical activity and do not meet the criteria for minimally active and highly active categories [6] . The IPAQ was used to select female and male students who would constitute a homogenous group of respondents with regard to their physical activity.
The participants did not visit a sauna for a least 12 months before the study. None of the examined women were menstruating during the study. The following formula was used to determine whether the number of participants constituted a representative sample in the trial (1):
where: d -maximum (acceptable) error of estimation, s -standard deviation, µ α -value from the normal distribution table N (0.1) at the acceptable confidence coefficient of 1 -α (µ α = 1.96). At the assumed level of significance (α = 0.05), it was presumed that the error of estimation of the average did not exceed 2% [34] . The size of a representative sample, calculated from formula (1) at 2% error of estimation, was 221 women and 198 men, and it was smaller than the studied group (326 females, 348 males). Consequently, the trial can be considered homogenous and representative of UWM students in the age group of 19-20 years old.
Instruments and procedures
The participants received comprehensive information about the trial before the study. Body height was measured to the nearest 0.1 mm, and body mass was measured to the nearest 0.1 kg with calibrated WB-150 medical scales with a stadiometer (ZPU Tryb-Wag, Poland). Body mass (BM) and body height (BH) were the independent variables (X), and BML was the dependent variable (Y). Nude BM was measured after the students dried off before and after using the sauna. The subjects were placed in supine position in a dry sauna (temperature: 90°C; relative humidity: 35%) for two sessions of 10 minutes each with a 5-minute break in between to cool the body in a paddling pool (pool width: 100 cm; pool depth: 130 cm; water temperature: +10°C). The subjects were instructed to drink at least 1 L of water on the day before the test and 0.5 L of water 2 hours before the test. Following that, the participants did not consume any foods or fluids until after the final body measurements were taken.
Statistical analysis
Measurement results were processed statistically in the Statistica PL v. 10 application with the use of descriptive statistics and advanced models to calculate the basic indicators describing the location and distribution of the analysed factors. The influence of body mass and body height on body mass loss in a sauna was determined by curvilinear regression analysis with the stepwise method. The results of the regression analysis were presented in 2D and 3D figures [34] .
Results
The basic anthropometric parameters and sauna-induced body mass loss (BML) in women and men are presented in Table 1 .
Body mass and body height values were evaluated based on score tables (T scale) for the general population of Polish women and men [7] . The tested women and men were characterized by average body mass and body height relative to the general population of the corresponding age. The average scores in the evaluated population were determined in the range of 49-53 points (women: BM = 51 points, BH = 49 points; men: BM = 53 points, BH = 52 points).
In the dry sauna, men lost more bodily fluids (BML) (p = 0.0105) than women. The differences between extreme values of body mass (42.4 kg in women, 70.0 kg in men) and body height (37.0 cm in women, 42.0 cm in men)
were very high in both women and men. The coefficient of variation in body mass (CV = 16.35% for women, 17.98% for men) was approximately four times higher than the coefficient of variation in body height (CV = 4.33% for women, 4.17% for men). Relatively low variation in body height and considerably higher variation in body mass significantly contributed to disproportionately higher variation in sauna-induced body mass loss (BML) -the CV reached 46.97% in women and 46.44% in men. These results supported the formulation of the hypothesis that a relatively small change in the analysed variables (body mass and body height) significantly influences sauna-induced body mass loss in both women and men. A series of statistical analyses were conducted to verify the above hypothesis.
The null hypothesis (H 0 ) claiming that the analysed variables (BM and BH) did not influence the average BML values in women (BML 1 ) and men (BML 2 ) was rejected based on the results of the statistical analyses. The hypotheses postulating the existence of regression coefficients for women and men were verified.
The F-value was determined at F = 364.3 for women and F = 510.6 for men, with the probability that the calculated test value for women and men will be exceeded at p(F) < 0.001; a significance level of α = 0.05, multiple correlation coefficient of r = 0.832 for women and r = 0.865 for men and residual standard deviation of 0.0954 for women and 0.1166 for men were also determined. Since p(F) < α, H 0 (regression coefficients equal zero) was rejected on behalf of the alternative hypothesis H 1 (not all regression coefficients equal zero). Regression equations describing the influence of selected independent variables (BM and BH) on the dependent variable (BML) were derived: for women: BML 1 = 0.1996 + 0.0159 BM 1 -0.0047 BH 1 (2) for men: BML 2 = -0.4701 + 0.0149 BM 2 -0.0009 BH 2 (3) These correlations are presented graphically in Figures 1a and 1b.
An analysis of equations (2) and (3) and their graphical interpretations (Fig. 1a and 1b) indicates that an increase in the body mass of female and male subjects leads to a significant increase in sauna-induced body mass loss (BML). BML 1 decreased with an increase in female height (BH 1 ). This trend was also noted in men, but to a smaller extent. Equations (2) and (3) can be used to stimulate BML under conditions described in this experiment (two 10-minute visits to a sauna at a temperature of 90°C and relative humidity of 35%). The results of BML simulations based on body mass and body height data are presented in Tables 2  and 3 .
The results of the simulation presented in Table 2 indicate that in both women and men, an increase in body mass (on the assumption that body height remains constant) leads to an increase in BML values in both absolute (kg) and relative (%) terms. With Table 3 . Sauna-induced body mass loss (BML) subject to body height (BH) in women (BM = 59 kg) and men (BM = 76 kg). The simulation was based on equations (2) and (3) and male respondents. Practically no differences in relative BML [%] were observed between groups characterized by the highest body mass. In the group of the heaviest women, BML [kg] was more than 150% higher than in the group of the lightest women. The difference in BML between the lightest and the heaviest men was clearly smaller (below 100%). A comparison of the lightest men and women revealed a difference in BML of more than 50%, whereas the difference between the heaviest groups of respondents was estimated at only 20%.
The results of the simulation presented in Table 3 indicate that unlike in the above comparison, an increase in body height (on the assumption that body mass remains constant) was accompanied by a minimal decrease in BML [kg] in women, but no changes in BML in men. The above results suggest that BML is largely determined by body mass.
The stepwise method was used to simplify polynomial terms (equations 2 and 3). BML equations were derived based on body mass values in women and men. The resulting correlations were presented graphically in Figures 2a  and 2b .
In theory, BML for women and men can be estimated based on body mass values with the use of the equations below:
for women: BML 1 = -0.4878 + 0.0144 BM 1 (4) for men:
The percentage of the explained variation is 66.15% for women (equation 4) and 74.69% for men (equation 5). Multiple correlation coefficients for equations (4) and (5) are very high at 0.813 for women and 0.864 for men. Residual standard deviation reached 0.1001 for women and 0.1165 for men. High correlation coefficients and relatively low residual standard deviations indicate that the derived models (equations) fit empirical data well. Equations (4) and (5) can be used to predict BML values in women and men with high accuracy.
The results of BML simulations based on body mass values in women and men are presented in Table 4 .
The results of the simulation presented in Table 4 indicate that BML increases with a rise in body mass values in both women and men. An increase in body mass by one kilogram increased BML values by 0.0144 kg in women and 0.0146 kg in men on average. The difference in BML values between women and men decreased with an increase in body mass. Men were characterized by higher BML than women in each body mass category, but in similar weight groups, men tended to lose less body mass than women. Body height did not exert a significant influence on BML in women or men. The derived equations explained 3.5% of variation in women and 25% of variation in men. The results are presented graphically in Figures 3a  and 3b .
The results of statistical analyses suggest that from among the tested variables, body mass is the key determinant of BML in both women and men. Body height had a minimal and statistically non-significant influence on BML. The error generated by equations with one variable (BM, equations 4 and 5) and two variables (BM and BH, equations 2 and 3) ranged from 0.1% to 0.6% BML. It is recommended that equations with one variable (BM, equations 4 and 5) are used because they are easier to interpret than equations with two independent variables (BM and BH, equations 2 and 3) and fit empirical data similarly well.
Discussion
The main objective of this study was to evaluate the relationship between basic somatic features (body mass and body height) and body mass loss (BML) in physically inactive young women and men exposed to thermal stress in a dry sauna. As was previously mentioned, sweating and water evaporation from the skin are the most effective mechanisms of heat elimination in humans. Sauna bathing has been shown to affect the fluid, electrolyte and acidbase balance resulting from sweating and thirst [33] . During sauna bathing, sweating begins quickly and reaches peak levels after approximately 15 minutes, with an average total secretion of 0.5 kg [15] . The magnitude of core temperature elevation ranges from 0.1 to 0.25 o C for every percent of BML [28, 39] .
According to Sawka and Montain [37] , in situations of prolonged high sweat loss, body water loss (BWL) in adults can reach 2-8%. Body water loss of 2% can reduce work capacity by 20%. Marked dehydration (5% BWL) reduces threshold and slope responses for sweating [29, 39] . Dehydration in excess of 5% BWL can have serious health implications, and BWL higher than 8-10% has lethal consequences [35] .
One of the first studies concerning the effects of sweating on fluid balance was carried out by Kozłowski and Saltin [21] . In their study, sweating-induced dehydration was analysed in six healthy males who were exposed to a temperature of 80°C during a 2.5-hour visit to a sauna. The average decrease in body mass was 3.1 kg (4.1%).
In several studies, the average body water loss during a standard sauna visit was estimated at 400-600 g [12, 14] . Similar BWL values were observed by Pilch et al. [33] . The authors investigated changes in BML and various physiological and biochemical indicators in 10 healthy female subjects (aged 19-21 years old) who visited a Finnish sauna every other day for a total of seven visits (temperature: 80.1°C; relative humidity: 26.6%; duration: 30 minutes). On average, the subjects' body mass decreased by 550 g after the first visit (0.94% decrease in initial body mass) and by 560 g after the seventh, final visit (0.96% decrease in initial body mass).
In a study by Coles et al. [5] , 10 male subjects attended six 15-minute sessions in a dry sauna (at a temperature of 48.9°C) with 5-minute breaks between sessions. The study involved two different procedures (euhydration trial vs. dehydration trial). No fluids were ingested at any time during the dehydration procedure. The euhydration procedure was identical to the dehydration procedure, with the exception that during each 5-minute break, the subjects were instructed to drink a volume of water equivalent to the body mass lost during the previous 15-minute sauna session. The subjects' BML was 0.33 ± 0.19 kg (euhydration trial) and 1.99 ± 0.35 kg (dehydration trial). Euhydration subjects who attended three 20-minute sauna sessions at a temperature of 80°C. In a study by Thomas et al. [43] , the mean BML (normalized to body mass %) of 12 healthy adults after a 30-minute sauna visit was 0.91 ± 0.34% (range 0.33-1.4%).
In our study, where a similar procedure was applied, male subjects lost 0.50 kg (0.63%), whereas female subjects lost 0.37 kg (0.60%) on average. In light of the cited results, the BML values reported in our study do not seem to pose a considerable health risk. Due to the considerable differences in body measurements and body composition between females and males, the results of our study were analysed to determine whether sex significantly influences BML values.
Numerous studies analysing differences between the sexes demonstrated a much higher increase in whole-body sweat rate in men than in women as the result of adaptation to humid heat [2, 4, 8, 45] . Avellini et al. [2] observed a significantly higher increase in the whole-body sweat rate in men than in women (35% vs. 15%) after 10 days of adaptation to humid heat. Mehnert et al. [27] reported highly significant sex-related differences in sweat rates. The differences remained statistically significant even when women and men were matched for body surface area or surface-to-mass ratio. Similar differences were observed in resting and exercising subjects in other studies [11, 13] .
In our study, the average body mass loss was 130 g (26%) higher in men than in women. A statistically significant difference (p = 0.0105) in BML [%] was observed between the sexes (0.60% and 0.63%, respectively). The average BML [kg] in our research was similar to that reported in men in other studies [23, 33, 42] , but lower than that noted by Pilch et al. [32] . The fact that women lost less body mass [kg] could be attributed to the fact that females are generally characterized by lower levels of total body water (48 ± 6%) [44] and a higher content of adipose tissue, which reduces sweating, evaporation and BML [kg] [12, 14] . Women also require a greater increase in body temperature before they begin to sweat. They do not sweat as much as men, and they maintain a steady body temperature less effectively than men [17] . The above observations were confirmed in our study, in which men lost more body mass than women. The presented simulations revealed that men with a body mass similar to that of women were characterized by lower BML in kg and %. The above can probably be attributed to differences in body surface between the sexes, which influences heat loss through radiation [26] . Men whose body mass is similar to that of women are characterized by less body fat and greater body surface. Therefore, our results could also suggest that body fat is a significant determinant of BML. Women with more body fat than men probably lose more body mass to maintain thermal homeostasis (relatively constant body temperature). Further work is needed to determine the correlations between body measurements and body composition vs. BML.
From a practical point of view, it is important to determine which of the two basic somatic features, body height or body mass, has a greater influence on BML. Our findings have revealed that the correlation between body mass and BML is directly proportional and statistically significant. The relationship between body height and BML is inversely proportional and statistically non-significant, which implies that BML decreases with an increase in BH (when body mass is stable).
The regression equations derived in our study can be used to determine the influence of the analysed somatic features on BML values in young women and men exposed to thermal stress in a dry sauna. The derived equations support highly accurate estimations of body mass loss in a sauna. From among the two independent variables (somatic features) analysed in this study, body mass had a decisive impact on BML values in both women and men. On average, a body mass increase of 1 kg leads to a BML of 0.0144 kg in women and 0.0146 kg in men. Average BML values in men were approximately 30% higher than in women. In groups of female and male respondents characterized by a similar body mass, BML values were approximately 16-23% higher in women than in men. The noted difference was reduced with an increase in body mass.
Conclusions
The results of our study indicate that physiological responses to thermal stress in a dry sauna differed subject to gender, body mass and body height. From among the tested somatic features, body mass had a decisive influence on BML. Men whose body mass was similar to that of women were characterized by lower BML, which indicates that the physiological effort required to maintain constant body temperature is lower in men. The observed differences could be attributed to lower body fat and greater body surface area in men than in women. In both men and women, an increase in body mass was accompanied by a rapid increase in BML values [%] , which suggests that body fat significantly influences BML. Body height had a minimal and statistically non-significant impact on BML. Our findings suggest that BML can be estimated based on subjects' initial body mass. A directly proportional correlation between body mass and BML indicates that regardless of gender, heavier participants, in particular those with higher body fat, are at a greater risk of dehydration and hyperthermia; therefore, they should pay close attention to replenishing fluids lost in a sauna or shorten their visits to saunas. The determination of BML values after a visit to a dry sauna has practical significance because it supports the estimation of the fluid volume required for the maintenance of correct water balance. Thermoregulation involves complex mechanisms; therefore, future research should involve a higher number of variables describing somatic features, height/weight indicators and body composition.
